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Metamaterialy mechaniczne wytwarzane
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Presented is the first phase of work, which concerned the
study of metamaterial mechanisms made of rubber-like
plastics, and the impact of their structure and geometry on
the transfer of a given force and displacement in a designed
model, made using FDM (fused deposition modeling). The
aim of the work is to examine the impact of technological
parameters and changes in geometry and filling on the
strength parameters of the manufactured object and further
considerations on replacing the classic assemblies of
mechanical elements with elements made using metamaterial
structures.
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Incremental techniques have been intensively developed
since the early 1980s. They consist in the creation of layer-
by-layer elements, thanks to which it is possible to obtain
objects with a complicated internal structure or gradient
materials with variable material parameters.

Initially, incremental production was useful for the
preparation of unit prototypes. With time, along with the
development of various incremental ~manufacturing
techniques, it has become possible to use in them typical
materials from which everyday objects such as ABS,
biodegradable PLGA and PLLA are manufactured (they can
be used, for example, stents for use) medical) and metal (for
the production of aircraft and even rocket engine
components).

Described method shows the stages of designing
metamaterials, including modeling reflecting the geometry
and selection of optimal parameters (strength, functionality).
In connection with the 4.0 industrial revolution, advanced
methods of designing and producing details, often individual
or short production series, are sought for.

In recent scientific publications [10], new constructions
are described in which not only shapes but also their
internal microstructure play an important role. Such objects,
usually based on three-dimensional networks, are also
known as metamaterials and can be used to create
materials with soft and hard regions.
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W sposob przyrostowy

Metamaterial mechanisms consist of a single block of
material whose cells interact with each other in a precisely
defined way to obtain a designed macroscopic motion. The
key element here is the specialized cell type, the character
of which is determined by shear capacity. Metamaterials are
artificial structures, usually with repeating patterns of
internal junction nodes. Unusual properties owe their
geometry to the material they are made of. Metamaterial
structures have been optimized by algorithms defining the
programmed direction of motion, taking into account the
results of experimental research.

The development of mechanical metamaterials is favored
by advances in the incremental method, in other words 3D
printing with high resolution. An example of this is the
printed Bickel material with pores that lower its resistance to
even compression, i.e. overall stiffness.
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Fig. 1. Behavior of a square metamaterial cell due to force
application [9]

Typical mechanical metamaterials are characterized by
four constants: the Young E module, the Kirchoff G module,
the mass module K and the Poisson ratio v. The first three
of them are responsible for the stiffness and compressibility
of material from the engineering point of view. At this stage,
the results of optimization of structural topology are used,
using the basic design principles, in combination with
experimental studies, in order to obtain various mechanical
properties that are counter-intuitive [1-3, 6].

The paper presents a designed metamaterial with
actively controlled mechanical properties. The metamaterial
has a deformable structure and activating elements that can
be controlled and computer simulated using the finite
element method. In one aspect, it resembles a composite in
which the communication between the constituent materials
or the shape and arrangement of the constituent materials is
dynamically controlled so as to affect the mechanical
properties of the metamaterial.
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Composites can also be multifunctional materials,
minimize size and weight, both as controlled mechanical
components and as supporting structures. One of such
multifunctional applications is intelligent or circular leather,
which has a protective, adaptive and functional function (eg
absorbs energy).

The presented research constitutes the initial stage of
work on the durability of components printed on spatial
printers in various technologies. At this stage, the FDM
(fused deposition modeling) method was used.

The paper presents the results of tests on tensile
strength of samples printed from a Fiberflex 40D rubber
material (Fiberlogy) on a 3D printer (Blixet B24), with
suitably selected parameters for material and printer.

The basic material data provided by producers and
distributors of materials used in the FDM method, such as
tensile strength and Young's modulus, refer to the most
favorable model setting during printing. However, the object
manufactured with incremental technology, and especially
with the FDM method, is very strongly diversified (in the
direction of the Z axis). The direction of material application
is also important (in the XY plane) [5]. The durability and
type of filing the interior of the model as well as the
temperature during printing also affect durability. For these
reasons, in the case of specific materials, it is necessary to
recognize the relationship  between technological
parameters and the obtained strength.

Metamaterials are composite structures designed and
manufactured by humans, not found in nature. They exhibit
new, unusual properties, determined primarily by the
morphology of the structure, and to a lesser extent by the
chemical / phase composition. A special case of
metamaterials are nano-hetero-structures [9].

Construction of metamaterial structures

The construction of structures depends on their intended
use. All structures should be of the same size and
geometry, set in such a way that they perform specific tasks
in the simulation using the finite element method.

During the initial tests, an element was considered to
replace a spring in which there is a linear dependence of the
elastic force F on the spring deflection from the equilibrium
position X.

F=-kx

where: k - coefficient of elasticity (spring constant),
determines the increase in force with the deflection of the

spring.

Then the energy accumulated in the deformed spring is:

Fig. 2. Tested element modeled in a 3D CAD environment

The modeled structure was printed on a FDM Blixet B24
3D printer made of Fiberlogy Fiberflex 40D material, which
has an elongation of 680%. The filament shows high impact
strength even at low temperature (even at -40 °C). It is also
very thermally resistant (up to 70 °C), chemically and
abrasion.

TABLE. Print parameters of the tested element using the FDM
method

Printer FDM BLIXET B24-Multi
Head temperature 210°C
Table temperature 45°C
Material feeding speed 20 mm/s

First layer: 20%

Colling {fan rotations}) Subsequent layers: 40%

Nozzle diameter 0,4 mm
Filament Fiberlogy Fiberflex 40D czarny
Filament diameter 1,75 mm
Layer height 0,2 mm
Filling type Cross 45°
Filling Full (£ 100%)

Simulation using the finite element method

The computer simulation using the finite element method
was carried out in the ANSYS program. The element was to
deform at given limits of elasticity.

Fig. 3. Mesh of finite elements and assumptions adopted in the
ANSYS program (force 200 N, established basis of geometry)

Fig. 4. Results of the deformation of the examined element in
computational calculations
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Fig. 6. "Spring with a guide using metamaterial cells, made b)} the
FDM method: a) before application of force, b) after applying force

Fig. 7. Samples prepared for testing

Further planned research stage

Initial tests showed very high flexibility of the structure,
going beyond the scope of the measuring equipment (no
possibility of breaking the sample with the modeled
structure). Further activities are aimed at developing a
methodology for designing structures that allow obtaining
desired mechanical properties; they also assume
experimental research of designed mechanisms.

The fittings were modeled in the Solid Works program, in
accordance with 1ISO 3167 and I1SO 294 [6, 7].

Fig. 8. Structure of a stretched sample during preliminary tests
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